INTRODUCTION
============

Prosthetic restoration by using maxillary anterior implants is becoming more popular as implant treatments become more common. All-ceramic crowns are used more often than metal crowns in maxillary anterior implants to enhance esthetic effects.[@B1],[@B2] The materials used in all-ceramic crowns can be broadly classified into silica-based (feldspathic porcelains, leucite-reinforced ceramics, lithium disilicate ceramics) and nonsilica-based (zirconia or Y-TZP, alumina). Of these, zirconia is characterized by its high flexibility, high fracture toughness, biocompatibility and excellent esthetics.[@B3],[@B4] Due to these advantages and the introduction of CAD/CAM technology, zirconia is increasingly used in prosthetic restorations. Zirconia abutments enhance the esthetic effect, especially in the case of maxillary anterior implants, since they do not allow metal to be shown.[@B5]

On the other hand, the bonding strength of zirconia is weaker than that of other dental ceramics, so various mechanical and chemical surface treatment methods have been investigated to increase it. In terms of mechanical surface treatment, sandblasting with alumina increases bonding strength.[@B6] However, other reports claim that such treatments can weaken the material\'s physical properties and cause cracks.[@B7],[@B8] The use of a tribochemical silica coating inside the prosthesis as a mechanochemical method has been reported to increase the bonding strength for overlong periods.[@B9] However, the simultaneous application of sandblasting and tribochemical silica coating treatments in zirconia abutments and within the zirconia in clinical practice is inconvenient. Furthermore, the application process can damage both the gingival tissues and the body of the implant.

A few studies have stated that the use of primer or resin cements containing 4-methacryloyloxyethyl trimellitate anhydride (4-META) or 10-methacryloxydecyldihydrogen-phosphate (MDP) monomer as chemical bonding methods affords a higher bond strength since it enables chemical bonding with zirconia.[@B3],[@B10],[@B11] These methods are more convenient in clinical practice than the previously mentioned methods and have the advantage of not damaging the implant surface.

Meanwhile, it is often difficult to secure the ideal prosthesis implant angle in the anterior region of the maxilla after tooth extraction due to buccal bone resorption. The use of angled abutments and cement-retained prostheses are preferred for this reason. However, the use of angled abutments is thought to create greater angles and retentiveness because the palatal side of the abutment must be removed to secure the space between the buccal abutment screw and the antagonist tooth. A previous study experimented with the impact on retentive force after differentiating the removal of screw entry lining at the rate of 1/3 to the titanium abutment with 15° of abutment angle and blocking the screw entry partially or entirely. The investigators noted a significant impact on the retentive force.[@B12] In this study, additional palatal removal was performed to simulate a more feasible clinical practice procedure.

This study aimed to examine the effects of resin cements and primers containing special functional materials on the retentive force by using maxillary anterior experiment models with zirconia abutments and zirconia copings that are expected to have less retentiveness.

MATERIALS AND METHODS
=====================

[Table 1](#T1){ref-type="table"} lists the materials used in this study. Zirconia (Lava, 3M ESPE, St. Paul, MN, USA) was used as a sample and the resin cement containing MDP (Panavia F 2.0 Kuraray Medical Inc., Okayama, Japan) and that containing 4-META (Superbond C&B SunMedical, Moriyama, Japan) were used. Surface treatments were performed using the primer comprising organophosphate and carboxylic acid monomer (Z-PRIME Plus Bisco Inc., Schaumburg, IL, USA).

Zirconia block (Lava 3M ESPE) was fabricated using CAD/CAM to create 40 zirconia abutments and 40 zirconia copings with the following specifications: 17° angle entry for the buccal side screw, 4.0 mm diameter 0.6 mm marginal thickness and 5 mm height abutment made by drilling from the palatal side. The base was added for the bottom part of an Instron 3366 (Instron Corp, Canton, MA, USA) to make an all-in-one system. The zirconia copings were fabricated to match each abutment and a hole was made on the upper part of the occlusal surface of each coping to allow it to be pulled by a wire from the upper part of the Instron ([Fig. 1](#F1){ref-type="fig"}).

The 40 zirconia abutments and copings were classified into 4 groups according to resin cement type and primer use. [Table 2](#T2){ref-type="table"} shows the experimental groups.

The 40 zirconia abutments and 40 zirconia copings were ultrasonically cleaned for 3 min and dried in a compressed air system after marginal adaptability testing. The groups with the primer (Z-PRIME Plus Bisco Inc.) were dried for 5 seconds in a compressed air system as instructed by the manufacturer. Finger pressure was then applied to cement the sample and any excessive cement was removed in the usual manner as instructed by the manufacturer.

All of the samples were stored in normal saline at 37℃ for 24 hours once they were polymerized.

The upper portion of the samples cohered to the Instron 3366 universal testing machine was fixed to the upper jig with wires, while the bottom portion of the sample was fixed vertical ([Fig. 2](#F2){ref-type="fig"}). The upper jig was run at 1.0 mm/min crosshead speed until failure and the N value (Newtons) was recorded.

The fracture failure modes were evaluated by observing the zirconia copings that failed to adhere to the zirconia surface before and after primer application.

A paired *t*-test was used for the comparison according to primer application status for each resin cement, while an independent *t*-test was used to compare the individual resin cements. Statistical significance was set at *P*≤.05.

RESULTS
=======

The mean ± SD retentive force in Newton for each group was 265.15 ± 35.04 N (P), 318.21 ± 22.24 N (PZ), 445.13 ± 78.54 N (S), 508.21 ± 79.48 N (SZ). [Fig. 3](#F3){ref-type="fig"} shows the evaluation of the primer application and individual cement. There was a significant difference in retentive force when primer was used with Panavia F 2.0 (*P*=.007) but no significant difference in retentive force when primer was used with Superbond C&B, according to the paired *t*-tests.

Moreover, independent *t*-tests showed that Superbond C&B group had significantly higher retentive forces than Panavia Panavia F 2.0 (*P*\<.001).

[Fig. 4](#F4){ref-type="fig"} shows the surface of the zirconia before and after primer application. A relatively even film formation is visible on the zirconia surface after use of the primer. All of the fracture failure modes demonstrated adhesive failure ([Fig. 5](#F5){ref-type="fig"}). Some of cement remained in 1/3 of the cervical area of the zirconia abutments, while the rest remained within the zirconia copings.

DISCUSSION
==========

The use of all-ceramic prostheses with zirconia copings is becoming increasingly popular owing to the several advantages of zirconia. However, the adhesive bonding ability of zirconia is significantly lower than that of other dental ceramics. Silica-based ceramics are usually processed with hydrofluoric acid gel (FH) and silanization treatment, but zirconia cannot be treated with hydrofluoric acid because it is a non-silica-based ceramic.[@B11],[@B13]

In clinical practice, ceramic primer is applied after sandblasting zirconia ceramics with 50 µm of alumina or silane primer is applied after tribochemical silica coating is applied inside the prosthesis to achieve higher zirconia ceramicbond strength. These methods are safe to use inside the prosthesis as long as the teeth themselves act as abutments, but zirconia abutments can be damaged in the process.

For this reason, chemical methods using resin cements and primer were tested in the current study in an effort to achieve higher bond strength. A number of studies have been conducted to increase the bond strength of resin cement, while Bis-GMA, MDP monomer, and 4-META are commonly used to cement zirconia. Of these, Bis-GMA resin cement has lower bond strength,[@B14] and it has been reported that the bonding strength decreases even further after treatment within a thermal cycling system.[@B6],[@B11]

In recent years, it has been acknowledged that resin cements containing MDP monomer used with sandblasting have excellent bond strength[@B15],[@B16] this is thought to be a result of the interaction between the hydroxyl group (OH) of the MDP monomer and the hydroxyl group of the zirconia surface.[@B17] Some studies have reported that this method is also effective over the long term.[@B3],[@B6],[@B11] One of these studies experimented with tensile bonding strength and reported that the phosphate of MDP chemically bound with the zirconia.[@B18] Based on these results and considering long-term safety, the use of resin cements containing the MDP monomer is recommended to maximize zirconia adhesion.

On the other hand, a number of researchers have also reported that Superbond C&B, the resin cement containing 4-META (an acidic monomer), has higher bond strength than resin cements containing the MDP monomer.[@B10],[@B19],[@B20] These studies suggested that the anhydride of the4-META was strongly bound to zirconia because Superbond C&B did not contain a filler that enabled good flow but that the4-META facilitated monomer diffusion and had high bond strength.[@B21] No definite evidence supports this strong chemical binding.

Metal primers are sometimes used with other metallic materials along with resin cement to produce the same effect. In a study, metal and ceramic primers were applied and cemented with RelyX Unicem (3M, ESPE, St. Paul, MN, USA) to zirconia and stored in water for 180 days, and the results showed that only the bond strengths of the samples that used metal primer were not significantly reduced.[@B22] The primer used in this study, Z-PRME Plus, contains an organophosphate and a carboxylic acid monomer. One study of the effects of this primer on the shear bond strength of zirconia and resin cement showed that samples treated with primer had significantly higher shear bond strength than those treated with sandblasting only, and it was thought that the phosphates were bound to the oxides on the zirconia surface.[@B23]

On the basis of this evidence, Panavia F 2.0, the resin cement containing MDP, and Superbond C&B, the resin cement with the stronger bond strength and containing 4-META, were investigated. The maxillary anterior zirconia implant, which was expected to have less retentiveness, was chosen in this study to evaluate the retentiveness of all ceramic angle abutments and copings. Furthermore, the retentiveness of more feasible primer types in clinical practice was also evaluated for challenging cases such as applying sandblasting or silica coating to zirconia abutments. The results showed that the retentive force was significantly increased after the use of resin cements or primers containing MDP (*P*=.007). This result supports those of earlier studies claiming that the use of primers increased the shear bond strength.[@B24] In addition, primer use did not significantly increase the retentive force of Superbond C&B containing 4-META (*P*=.191), but it did increase the retentive force of Panavia F 2.0 (*P*\<.001) compared to earlier research results.[@B10],[@B19],[@B20]

The retentive forces of cements are generally affected by axial angles, surface areas, abutment heights, surface roughness, and cement type.[@B25]-[@B29] Moreover, the retentive forces of implant prostheses can differ from those of natural teeth.[@B28]-[@B30] It has also been reported that internal thickness also significantly affects the retentiveness of zirconia copings and titanium abutments.[@B31] In this study, other factors were standardized to examine the effects of the different cements and primers on retentive force. However, in reality, the internal thicknesses of the zirconia abutments and zirconia copings were not even, which might have affected the experimental results.

Furthermore, long-term safety was not determined in this study. The study conducted thermal cycling treatment (×10,000) of different resin cement types on zirconia, including Superbond C&B and Panavia, and showed that Pavavia 21 had significantly higher shear bond strength than Superbond C&B (*P*\<.05).[@B14] In the same experiment, the shear bond strength of Superbond C&B was significantly reduced after the thermal cycling treatment. The finger pressure method without standard equipment was also expected to increase the standard deviation. Therefore, further studies with better control over these factors will be required in the future.

Standard zirconia surface treatments to obtain secure bond strength have not yet been established.[@B32],[@B33] Moreover, most studies of the cementation of zirconia and resin cements focus on shear bond strength and tensile bond strength. As such, further research involving pull-out tests with well-controlled influential factors in a delicately simulated oral environment will be required. Research to identify the influential factors affecting long-term durability and actual clinical research should also be conducted more actively.

CONCLUSION
==========

The application of Z PRIME Plus increased the retentive force of Panavial F2.0 containing MDP (*P*=.007) significantly, and increased the retentive force of Superbond C&B containing 4-META, but the difference was not statistically significant. The retentive force of Superbond C&B was significantly higher than Panavia F2.0 with or without the use of Z PRIME Plus (*P*\<.05). All of the experiment samples showed adhesive failure.
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^\*^MDP: 10-methacryloxydecyldihydrogen-phosphate, ^†^BERDMA: bisphenol-A-polyethoxydmethacrylate, ^‡^DMA: dimethacrylate, ^§^TBB: tri-nbutyl borane, ^∥^4-META: 4-methacryloyloxyethyl trimellitate anhydride, ^¶^MMA: methyl methacrylate, ^\*\*^PMMA: poly (methyl methacrylate).
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